The transfer of proteins and nucleic acids from donor to acceptor cells via small membrane vesicles has been implicated with (patho)physiological consequences. Previously the upregulation of esterification and downregulation of lipolysis in small rat adipocytes upon incubation with exosomes and microvesicles (EMVs) released from large adipocytes and harbouring the glycosylphosphatidylinositol (GPI)-anchored proteins, Gce1 and CD73, transcripts specific for FSP27 and GPAT3, and microRNAs, miR-16 and miR-222 were demonstrated. Here the release of EMVs from large (but not small) primary rat and differentiated rat and human adipocytes in response to palmitate, H 2 O 2 and the anti-diabetic sulfonylurea, glimepiride, is shown to be significantly reduced upon inhibition of histone H3 lysine9 methyltransferase G9a by trans-2-phenylcyclopropylamine (tPCPA) and histone H3 lysine4 demethylase LSD1 by BIX01294. Inhibition of EMV release by tPCPA and BIX01294 was not caused by apoptosis but accompanied by upregulation of the H 2 O 2 -induced stimulation of lipid synthesis and downregulation of lipolysis in large (but not small) primary and differentiated rat and human adipocytes. In contrast, the simultaneous presence of tPCPA and BIX-01294 had almost no effect on the induced release of EMVs and lipid metabolism. These findings argue for regulation of the release of EMVs harbouring specific GPI-anchored proteins, transcripts and microRNAs from rat and human adipocytes by histone H3 methylation at lysines 4 and 9 in interdependent fashion. Thus the EMV-mediated transfer of lipogenic and anti-lipolytic information between large and small adipocytes in response to certain physiological and pharmacological stimuli seems to be controlled by epigenetic mechanisms.
INTRODUCTION
The increased prevalence of obesity in present day society and the current view of adipose tissue as one of the most critical regulators of energy homeostasis and metabolism have warranted a sustained interest in studying the mechanisms controlling its formation. The (post) transcriptional cascade governing adipogenesis, i.e. the differentiation of adipocytes from precursor cells and their subsequent maturation from small unilocular (i.e. containing many small lipid droplets [LD] ) to large multilocular (i.e. containing few large LDs) cells has been extensively studied for many years [1] . Novel findings suggest the involvement of small membrane vesicles in the control of maturation of rodent adipocytes within adipose tissue depots in vitro [2] [3] [4] [5] [6] [7] . Moreover, small membrane vesicles were reported to be increased in the serum of obese women compared to normal age-matched controls and suggested to account for the increased risk of thrombotic complications during obesity [8, 9] . Small membrane vesicles have been known for decades to be released from most animal cell types [10, 11] . They have the same topology as the donor cell, are of variable diameter (50 -1000 nm) and mediate the secretion of a wide variety of proteins, phospholipids, mRNAs and microRNAs (miRNAs). The mechanisms underlying the biogenesis of small membrane vesicles remain unclear at the moment. According to current models released membrane vesicles either bud directly from the plasma membrane resulting in so-called microvesicles, or bud into endosomes to form multivesicular bodies followed by their fusion with the plasma membrane resulting in so-called exosomes [10, 12] . However, the differ-entiation between microvesicles and exosomes turned out to be problematic due to the lack of unambigous physical properties or molecular markers and, in consequence, the impossibility to know the cellular origin of any particular released vesicle. Furthermore, a number of experimental observations are difficult to reconcile with a strict separation between microvesicle and exosome biogenesis (see DISCUSSION). Given these uncertainties it has recently been suggested to use the collective acronym, EMVs, for exosomes plus microvesicles [13] for any released small membrane vesicle that is also used in the following.
Most importantly, EMVs may interact with neighbouring cells and can thereby transmit signals encoded by their constituent components from cell to cell [12, 14, 15] . In particular, vesicle-derived mRNAs and miRNAs may alter gene expression in neighbouring cells upon release of EMVs from donor cells and subsequent fusion with acceptor cells along a non-viral pathway of intercellular vesicle trafficking and thereby play important roles in physiological processes as well as disease states, such as cancer [16, 17] . Indeed, it has recently been shown that certain tumors shed EMVs, which are rich in signalling molecules and genetic material that together constitute a specific and readily identifiable signature [10] . Moreover, miRNAs entrapped in EMVs are detectable in the serum of cancer patients by qRT-PCR (quantitative real-time polymerase chain reaction) in tumor-specific fashion [14, 18] .
miRNAs have also been recognized as regulators of metabolic integration, energy homeostasis and adipocyte differentiation, presumably since each single species of them manages to simultaneously control a large number of target genes [19] [20] [21] [22] [23] [24] . For instance, the expression of 50 out of 70 miRNAs was found to significantly differ between human pre-or mature adipocytes from lean and obese individuals [23] . Moreover, EMVs released from cultured 3T3-L1 adipocytes have been reported to harbour about 140 miRNAs [4] . The majority of them were adipocyte-specific, abundant in correlation with their expression level in the donor cells and considerably upregulated during adipocyte differentiation in vitro. Interestingly, these apparently adipocyte-derived EMVs also seem to mediate the transport of mRNAs coding for adiponectin, resistin and PPARγ into cultured macrophages [3, 4] and to induce angiogenesis [4] . In addition, adipocyte-specific mRNAs and miRNAs have also been detected in EMVs isolated from rat serum [4, 23] .
Recently, the release of EMVs from primary and cultured rat and mouse adipocytes has been demonstrated to undergo considerable upregulation upon challenge with physiological stimuli, such as fatty acids (palmitate) and reactive oxygen species (H 2 O 2 ), as well as pharmacological agents, such as the anti-diabetic drug, glimepiride [25] [26] [27] [28] . These adipocyte-derived EMVs are thought to regulate lipid metabolism between large and small adipocytes within the same adipose tissue depot in course of the transfer of (some of) their constituent components. Among them are the glycosylphosphatidylinositol (GPI)-anchored cAMP-specific phosphodiesterase, Gce1, and 5'-nucleotidase, CD73, that catalyze (c)AMP degradation [29] [30] [31] , the mRNAs coding for glycerol-3-phosphate acyltransferase-3 (GPAT3) and fat-specific protein-27 (FSP27), that drive lipid synthesis and LD biogenesis, respectively [32] [33] [34] , as well as the miRNAs, miR-16 and miR-222, that have been implicated to coordinate lipid metabolic pathways [19] [20] [21] [22] . The underlying mechanisms encompass: 1) the release of those EMVs from preferentially large donor adipocytes, 2) the interaction of those EMVs with preferentially small acceptor adipocytes, 3) the translocation of Gce1 and CD73 from the (lipid rafts of the) EMV membranes to intracellular LDs of the acceptor adipocytes as well as the delivery of the GPAT3-and FSP27-encoding mRNAs and the miR-16/ 222 from the EMV lumen to the cytoplasm of the acceptor adipocytes, 4) the degradation of (c)AMP at the LD surface zone by Gce1 and CD73 and finally 5) the upregulation of fatty acid esterification at the LDs and downregulation of fatty acid release from the LDs by concerted action of GPAT3, FSP27, lowered cAMP levels and miR-16/222 in the acceptor adipocytes [5] [6] [7] [24] [25] [26] [27] [28] [29] . These findings suggested that EMVs transfer lipogenic and anti-lipolytic information from large to small adipocytes to shift the burden of lipid loading within adipose tissue depots during certain (patho)physiological states [31] . Among them are excessive fatty acid intake, anti-diabetic pharmacotherapy or exposure to cellular oxidative stress, that may all accompany or foster the obese state.
Up to now, obesity has been studied predominantly from a thermoenergetic point of view, taking into consideration the balance between energy intake and expenditure determined by gene mutations and polymorphisms and the lifestyle. The putative involvement of epigenetic mechanisms, i.e. inheritable alterations in gene expression that are established in the absence of a change in the DNA sequence itself, in the development of obesity has only recently begun to attract attention [35, 36] . The underlying molecular mechanisms include covalent posttranslational modifications of the histone tails [37, 38] , with lysine methylation resulting in enhancing or silencing of the transcriptional state of a given gene depending on the modified residue. In particular, methylation of lysine 4 of histone H3 (H3K4) usually correlates with gene activation, whereas methylation of lysine 9 of histone H3 (H3K9) is associated with transcriptional silencing [39] .
With regard to obesity an adverse environment during in utero or lactation periods is generally assumed to affect its future development, suggesting that the mother's nutrition or perinatal lifestyle choices could alter the developmental programming of the foetus and pubs [35] . In contrast, the role of adverse environment (e.g. nutrition, cellular stress, pharmacotherapy) during adulthood in the modification of the epigenetic pattern is still a matter of debate. Thus changes in the histone methylation patterns could be a result of the interplay of various dietary and environmental factors and provide a source of inter-individual differences with respect to the susceptibility to develop obesity [40] . Albeit some miRNAs have been attributed critical functions in the epigenetic control of adipogenesis and obesity [19, 20, 41] , and other miRNAs have been recovered with EMVs released from adipocytes and circulating in various body fluids [4, 24] , experimental evidence for the involvement of EMVs as putative carriers for epigenetic information between somatic cells in para-or endocrine fashion has not been reported so far. However, the recent findings of the regulation of cell size and lipid metabolism between large and small rat adipocytes by EMVs harbouring specific GPI-anchored proteins, mRNAs and miRNAs raised the possibility that their release or fusion in response to certain environmental stimuli is under epigenetic control. The present study demonstrates that in course of long-term incubation with inhibitors of either H3K9 methylation or H3K4 demethylation, the palmitate-, glimepiride-and H 2 O 2 -induced release of EMVs harbouring Gce1/CD73 proteins, GPAT3/FSP27-encoding mRNAs and miR-16/222 miRNAs from large primary and differentiated rat and human adipocytes is significantly reduced.
MATERIALS AND METHODS

Reagents
tPCPA (tranylcypromine = trans-2-phenylcyclopropylamine hydrochloride) was purchased from ArborAssays (Ann Arbor, USA). BIX-01294 (2,4-diamino-6,7-dimethoxyquinazoline) was provided by Tocris Biosciences (Bristol, UK).
,10-epoxy-decanoyl) was delivered by Sigma-Aldrich (Deisenhofen, Germany). CCT077791 (N-substituted isothiazolone derivative) was from Merck-Calbiochem (Darmstadt, Germany). SAHA (vorinostat = suberoylanilide hydroxamic acid) was bought from Cayman Chemicals (Ann Arbor, USA). Antibodies against CD73 (recombinant, murine) were obtained from USBiological (Massachusetts, USA). Primers were purchased from TIB Molbiol (Berlin, Germany). Human insulin [42] and glimepiride [43] were produced by Sanofi Deutschland GmbH (Frankfurt, Germany). Glucose oxidase (GO), RNase inhibitor ("Protector", recombinant, from lung) and protease inhibitor cocktail ("cOmplete ULTRA" tablets) were provided by Roche Biochemicals (Mannheim, Germany). All other materials were purchased as described previously [25] [26] [27] [28] [29] [30] [31] [44] [45] [46] [47] .
Animal Handling
All experimental procedures were conducted in accordance with the German Animal Protection Law and corresponded to international animal welfare legislation and rules. The male rats (Sprague-Dawley or Wistar, as indicated) were housed two per cage in an environmentally controlled room with a 12:12-hour light-dark circle (light on at 06:00 pm) and ad libitum access to water and standard rat chow as described previously [24, 48] .
Preparation and Primary Culture of Rat Adipocytes
Adipocytes were prepared under sterile conditions by collagenase digestion of epididymal fat pads isolated from male Sprague-Dawley rats [49] , collected by flotation (200 g, 2 min, 30˚C), then filtered through serial nylon mesh screens to obtain small (diameter < 75 µm from 1-month [120 -140 g] old rats) and large (diameter > 400 µm from 6-months [320 -400 g] old rats) adipocytes, respectively, and finally adjusted to 1 × 10 6 cells/ml with adipocyte buffer (140 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl 2 , 1.2 mM MgSO 4 , 1.2 mM KH 2 PO 4 , 20 mM Hepes/KOH, pH 7.4) supplemented with 0.5% bovine serum albumin (BSA), 100 µg/ml gentamycin, 50 units/ml penicillin and 50 µg/ml streptomycin sulfate.
For long-term incubation in primary culture according to previously published protocols [50, 51] with modifications, 100 µl (~10 5 cells) portions of adipocytes were inoculated in 2 ml of DMEM/F12 (1:1) containing 20% fetal calf serum (FCS) in a collagen-coated 12-well plate (Nalge Nunc International, Rochester, USA) and covered with a sterile 20 × 20 mm coverslip. Cells were incubated (10 -14 days, 37˚C) in a 5% CO 2 -incubator depending on their attachment efficiency. Attachment efficiency to the ceiling surface of the coverslips varied between 50% and 80%. Cell viability was checked by exclusion of trypan blue and was >85% at the end of incubation. Adipocytes maintained their unilocular characteristics with multiple small LD emerging at the periphery (as assessed by Oil Red staining) upon challenge with palmitate, glimepiride or GO and further incubation, which was indicative for stimulation of lipid synthesis. from male Wistar rats (200 -240 g, 9 -11 weeks old) in PBS containing 2% BSA. After filtration through a strainer, the digested adipose tissue was centrifuged (500 g, 10 min, 20˚C). The pellet was suspended in 10 ml of adipocyte buffer and then passed through a 150 µm mesh for removal of clumps and debris. The pass-through was centrifuged (500 g, 10 min, 20˚C). The pellet was suspended in 50 ml of erythrocyte lysis buffer (155 mM NH 4 Cl, 5.7 mM K 2 HPO 4 , 0.1 mM EDTA in water) and then consecutively filtered through nylon mesh screens with pore sizes of 75 and 30 µm. The latter pass-through was centrifuged (500 g, 10 min, 20˚C). The pelleted SVCs were washed once, recentrifuged and then suspended in adipocyte buffer supplemented with 100 µg/ml gentamycin, 50 units/ml penicillin and 50 µg/ml streptomycin at 3.5 × 10 6 cells/ml. For differentiation into adipocytes, the SVCs were plated in duplicate onto circular coverglasses inserted in 12-well plates and cultured in DMEM-Ham's F-12 (1:1) containing 10% FCS, 100 µM ascorbic acid, 33 µM biotin, 17 µM pantothenate, 25 nM insulin, 50 nM triiodothyronine, 2.5 mM niacinamide and 1 µM octanoic acid for 5 days. Subsequently the incubation was continued in adipogenic medium (DMEM/Ham's F10, 3% FCS, 33 µM biotin, 17 µM pantothenate, 25 nM insulin, 1 µM dexamethasone) supplemented with 0.2 mM isobutylmethylxanthine, 10 nM L-thyroxine and 0.1 µM rosiglitazone) for the first 3 days and then in adipogenic medium for the following 9 days. Cells were used upon 80% -90% differentiation according to Oil Red staining and light microscopy.
Preparation and Differentiation of Human Adipocytes
Human MSCs (mesenchymal stem cells) between passages 4 and 10 (Cambrex BioScience, Verviers, Belgium) derived from resection of abdominal subcutaneous (external to the fascia superficialis, mesenteric and omental) fat tissue (2 -10 g per subject) during gastric bypass surgery for the management of obesity (29 -61 years, body mass index of 54 ± 2 kg/m 2 , fasting blood glucose lower than 120 mg%, no malignancies, no administration of thiazolidinediones and steroids) were seeded in 12-well plates at a density of 4 × 10 4 cells/cm 2 and incubated in DMEM/Ham's F12 (1:1, Invitrogen, Basel, Switzerland) containing 0.5% BSA and antibiotics for 3 days and then grown in MSC basal medium (Cambrex) until confluency (medium change every 2 days). Macrophages were rare (<10 per 10 6 cells) as assessed by phase-contrast microscopy.
For differentiation from confluence, 1 st -to 4 th -passage cells were differentiated using a previously described method [52, 53] with the following modifications: cultures were incubated (15 -20 days) in 6-well plates in DMEM/Ham's F12 (1:1) containing 0.5% BSA, 3% FCS, antibiotics and the following supplements until completion of differentiation: 250 µM isobutylmethylxanthine (removed after 2 days), 1 µM dexamethasone, 0.2 nM 3,3,5-triiodo-L-thyronine, 5 µM transferrin (Sigma, Deisenhofen, Germany), 500 nM human insulin and 1 µM rosiglitazone (GlaxoSmithKline, Worthing, UK). Medium was changed every 2 days. 2 -4 days after completion of differentiation, the cells were washed three times with warm PBS and used for the experiments. Differentiation of MSCs into adipocytes was considered to be successful in case of detection of 1) doubly refractile inclusions by low-power phase-contrast microscopy, that displayed LD nature according to staining with Oil Red O, 2) expression of the adipocyte-specific mRNAs, PPARγ2, leptin, adiponectin and GLUT4 by qRT-PCR, and 3) isoproterenol (1 µM)-induced glycerol release and insulin (100 nM)-stimulated glucose transport.
Metabolic Labeling of Adipocytes
After incubation in the absence or presence of inhibitors, the differentiated adipocytes in 6-well plates were washed twice with 1 ml/well of labeling medium (glucose-free DMEM containing 10% FCS, 0.2% BSA and 1 mM sodium pyruvate) supplemented with 25 µg/ml gentamycin, 50 units/ml penicillin and 20 µg/ml streptomycin sulfate and then incubated (2 h, 37˚C) in 1 ml/well of labeling medium under 95% O 2 /5% CO 2 under gentle shaking. Labeling was started by the addition of myo-[U-
14 C]-inositol (2.5 µCi in 1 ml of labeling medium, 0.1 mM final conc.). After incubation (2 h or 15-min "pulse" as indicated, 37˚C) the adipocytes were washed once with 1 ml of labeling medium lacking myo-[U- 14 C]inositol and supplemented with 100 mM myo-inositol and further incubated (14 h or 1 h "chase" as indicated, 37˚C).
Preparation of EMVs
After induction (14 h, 37˚C) of the primary or differentiated adipocytes in 12-well plates filled with 1 ml per well of DMEM containing 5.5 mM glucose, 10% FCS, 0.2% BSA, 1 mM sodium pyruvate, 25 µg/ml gentamycin, 50 units/ml penicillin and 20 µg/ml streptomycin sulfate by the addition of palmitate, glimepiride or GO (for the production of H 2 O 2 in the glucose-containing incubation medium) to final concentrations as indicated, the cells were chilled. Primary adipocytes were collected by spinning (200 g, 3 min). Total EMVs were prepared from the incubation medium (0.9 ml portions) by two sequential passages through 5 µm meshes to remove residual cells. The flow-through was supplemented with DTT (final conc. 0.5 mM) and protease inhibitor mix "complete" (final conc. 1 tablet per 100 ml), then centri-fuged (1000 g, 10 min, 4˚C) and finally filtered through 1 µm PVDF meshes to remove residual cell debris. The flow-through was centrifuged (2000 g, 20 min, 4˚C). The resulting supernatant was re-centrifuged (5000 g, 30 min, 4˚C). From the resulting supernatant total EMVs were collected by centrifugation (Beckman Airfuge, A-110 fixed-angle rotor, 110,000 rpm, 1 h, 4˚C). After careful aspiration of the supernatants, the pellets were suspended in 100 µl of EMV buffer (10 mM Tris-HCl, pH 7.4, 250 mM sucrose, 1 mM EDTA, 0.5 mM EGTA, 140 mM NaCl, 10 mM MgCl 2 , 2 mM MnCl 2 , 1 mM DTT, protease inhibitor mix "complete"). For affinity purification of Gce1-/CD73-harbouring EMVs, total EMVs were adsorbed to cAMP-or AMP-Sepharose beads. For this, 100 µl of EMV suspension was supplemented with 200 µl of (c)AMP-Sepharose beads (50 mg in 1 ml of 100 mM Hepes-KOH, pH 7.4, 140 mM NaCl, 1 mM MgCl 2 , 0.5 mM DTT and protease inhibitor mix "complete") and then incubated under continuous head-over rotation (60 cycles per min) of the tubes. Thereafter, the incubation mixtures were centrifuged (500 g, 5 min, 4˚C). The collected Sepharose bead-EMV complexes were washed twice and then suspended in 100 µl of EMV buffer containing either 100 µM AMP or cAMP for dissociation of the EMVs from the beads. After incubation (30 min, 4˚C) and centrifugation (5000 g, 5 min, 4˚C), the supernatant was recovered and centrifuged (Beckman Airfuge, A-110 fixed-angle rotor, 110,000 rpm, 30 min, 4˚C) for collection of the Gce1-or CD73-harbouring EMVs.
RNA Isolation and qRT-PCR
For the removal of exogenously adherent nucleic acids, the EMV pellets were suspended in 1 µg RNase A (DNaseand protease-free; Roche Biochemicals, Mannheim, Germany) and DNase I (RNase-free; Qiagen, Hilden, Germany) per ml of EMV buffer and then incubated (1 h, 25˚C). The samples were centrifuged (Beckman Airfuge, A-110 fixed-angle rotor, 110,000 rpm, 1 h, 4˚C), then suspended in EMV buffer containing RNase inhibitor (1 U/ml) and finally washed by three resuspension/washing cycles with 1 ml of EMV buffer each. The washed EMV pellets were disintegrated by the use of Trizol (Invitrogen, Carlsbad, USA). Total RNA was isolated with the Qiagen (Hilden, Germany) RNeasy kit including proteinase K digestion, DNase digestion and an additional RNeasy cleanup step, as recommended by the manufacturer. Total RNA (1 µg) was reverse-transcribed using appropriate primer sets. The specific transcripts were quantitatively evaluated as described previously [24] .
Statistical Analysis
All values are expressed as means ± S.D. as indicated in the figure legends. Statistical analysis was performed using Graphpad Prism software. Statistical significance between two incubation conditions was calculated with a two-tailed Student's t test. A P-value of less than 0.05 was considered statistically significant.
Miscellaneous
Published procedures were used for determination of apoptosis as activation of cell-associated caspase 3 and 7 with fluorescence as read-out according to the manufacturer's instructions (apoptosis kit Promega), assaying of lipid synthesis by the incorporation of H]glucose (0.2 µCi/ml, 100 µM) into total acylglycerols (measured as radioactivity in toluene-based scintillation cocktail after partitioning of total scraped adipocytes) for 1 h [54] and of isoproterenol (0.1 µM)-induced lipolysis as the release of glycerol into the incubation medium (fluorometric detection) for 2 h [55] , preparation and protein extraction under non-denaturing conditions of plasma membranes and LDs from primary rat adipocytes [30, 46] , affinitypurification of CD73 and Gce1 from extracted plasma membrane and LD proteins [47] , and protein determination [45] . For SDS-PAGE and phosphorimaging according to reported methods [45] , equivalent amounts of EMVs, plasma membranes and LDs corresponding to the same number of cells were used.
RESULTS
Epigenetic histone methylation that dynamically transforms specific gene promoters into an open/active (euchromatic) or condensed/repressed (heterochromatic) conformation [37, 38, 56] are catalyzed by histone methyltransferases and demethylases [57, 58] . Two key chromatin marks are histone H3 mono/dimethyl-lysine 4 (H3K4-me1/2), which is subject to demethylation by lysinespecific demethylase 1, LSD1 [59, 60] , and histone H3 dimethyl-lysine 9 (H3K9me2), which is mediated by the dimethylating histone methyltransferase, G9a [61] . G9a was found to be inhibited by the (1H-1,4-diazepin-1-yl)-quinazolin-4-yl amine derivative, BIX01294, that is related to the α-adrenoceptor antagonist bunazosin, in a reversible, uncompetitive (to the co-substrate S-adenosyl-methionine) and selective (toward other histone methyltransferases) manner [62] . LSD1, an amine oxidase using a FAD-dependent oxidative reaction mechanism, was demonstrated to be inhibited by the cyclopropylamine analog and monoamine oxidase inhibitor, tPCPA (tranylcypromine), in an irreversible (as suicide inactivator) fashion [63] . According to commercially available northern blotting data both G9a and LSD1 are expressed in rat and human adipose tissues as well as in differentiated human adipocytes to considerable extent ( Table 1) . Interestingly, differentiated adipocytes and adipose tissues prepared from obese humans and visceral fat depots f rats displayed slightly elevated G9a and LSD1 mRNA o levels relative to undifferentiated precursor cells and adipose tissues from lean humans and subcutaneous depots, respectively. The putative involvement of the histone methylation state of the donor cells in the release of EMVs harbouring GPI-anchored proteins and RNAs was studied with primary and differentiated rat and human adipocytes of small and large size kept in primary culture in the adherent state. These conditions enabled long-term incubation of the cells with BIX01294 and tPCPA prior to their induction for EMV release. For this, rat large and small adipocytes were prepared by sequential filtration of the floating primary adipocytes or rat adipocytes were differentiated from the sedimenting SVCs. In addition, human adipocytes were differentiated from MSCs derived from resection of abdominal subcutaneous fat depots (see MATERIALS AND METHODS). These four types of adipocytes were cultured on collagen-coated 12-well plates for 90 h corresponding to the total incubation period that is required for the treatment with the inhibitors, the induction and the EMV releasing assay. The functional integrity of the adipocytes was demonstrated by their sensitivity and responsiveness toward insulin stimulation of lipid synthesis (measured as the incorporation of radiolabeled glucose into cellular acylglycerols) as well as insulin inhibition of isoproterenol-stimulated lipolysis (measured as the release of glycerol into the incubation medium). Short-term incubation with insulin subsequent to a total culturing period of 90 h led to significant stimulation of lipid synthesis by 3.5-to up to 19.2-fold above basal and significant inhibition of isoproterenol-stimulated lipolysis by 21% to 63% compared to basal at roughly half-maximally effective (0.3 nM) and by 7.5-to up to 28.7-fold and 71% to 95%, respectively, at maximally effective (100 nM) concentrations (Figure 1) .
Small primary rat adipocytes were most responsive toward insulin, followed by large primary and differentiated rat adipocytes, and lastly human adipocytes. The responsiveness and sensitivity (i.e. apparent EC 50 -values) toward insulin of the four distinct types of adipocytes were well within the ranges reported previously for short-term incubation [42, 54] and argue for their functional integrity in course of long-term primary culture under the experimental conditions used. Importantly, the presence of BIX01294 and tPCPA alone or in combination at concentrations, that were previously reported to efficiently affect histone methylation in various cell lines [60, 61] and were therefore used in the following for long-term incubation of the adipocytes, did not impair significantly half-maximal as well as maximal insulin stimulation of lipid synthesis and inhibition of lipolysis (Figure 1) . Since insulin signaling to lipid metabolism in insulin-responsive cells is known to depend strictly on adequate energy charge [64] , the four adipocyte types apparently keep their full functional integrity throughout the long-term primary culture in the absence and presence of BIX01294 and/or tPCPA. This was confirmed by measurement of the cell-associated caspase 3/7 activiies as markers for apoptosis eventually caused by the int Figure 1 . Effects of BIX01294 and tPCPA on the basal and insulin-induced lipid synthesis and isoproterenol-stimulated lipolysis in rat and human adipocytes. Large and small primary rat adipocytes or adipocytes differentiated from rat SVCs and human MSCs (identical numbers per well for each adipocyte type) were incubated (90 h, 37˚C) in 12-well plates in the absence (control; open bars) or presence (treated; hatched bars) of BIX01294 (30 µM) or/and tPCPA (100 µM) as indicated. The adipocytes were washed and then assayed for lipid synthesis (1 h) and isoproterenol-stimulated lipolysis (2 h) in the absence (basal) or presence of human insulin (0.3 and 100 nM). Fold-stimulation of lipid synthesis above basal (set at 1 for basal control adipocytes of each type) and % of isoproterenolstimulated lipolysis (set at 100 for basal control adipocytes of each type) are given as means ± S.D. derived from two to three different adipocyte preparations/differentiations with incubations in duplicate (lipid synthesis) and triplicate (lipolysis), each. Significant differences between the insulin-induced and basal control adipocytes are indicated by § for each type.
hibitors of histone (de)methylation or/and the inducers of EMV release. Long-term incubation with BIX01294 did not significantly affect caspase 3/7 activities compared to control in each of the four adipocyte types (Figure 2) . In contrast, tPCPA alone or in combination with BIX01294 exerted moderate albeit significant activation of caspase 3/7 compared to control depending on the type of adipocytes. Importantly, palmitate at 1 mM as used for the induction of EMV release was more efficient than tPCPA in eliciting caspase 3/7 activation in each adipocyte type. In contrast, glimepiride at 30 µM and GO at 0.5 U/ml which provoked either no or only moderate, albeit significant, caspase 3/7 upregulations, respectively, compared to basal depending on the adipocyte type (Figure 2) . Thus the efficacies of palmitate, glimepiride and GO in activating caspase 3/7 and inducing EMV release in primary and differentiated rat and human adipocytes are not correlated. The simultaneous challenge of the adipocytes with tPCPA and either palmitate, glimepiride or GO led to less-than-additive to up to additive tPCPA-dependent effects on caspase 3/7 activation compared to basal controls in each of the four induced adipocyte types (Figure 2) . In contrast, BIX01294 did not enhance the moderate palmitate-and GO-induced as well as tPCPA-dependent caspase 3/7 activation. Taken together, tPCPA alone or in combination with BIX01294 but not BIX01294 alone, trigger slight caspase 3/7 activations that are further enhanced after induction with palmitate or GO, but not with glimepiride. Small primary rat adipocytes turned out to be less susceptible toward apoptosis than large primary and differentiated rat and human adipocytes (Figure 2) . The apparent lack of correlation between caspase 3/7 activation and EMV release upon induction with palmitate, glimepiride and GO in concert with the moderate and differential impact of BIX01294 and tPCPA on the induced caspase 3/7 sug- gests that under the experimental conditions used the induced release of EMVs from the adipocytes is not the consequence of increased apoptosis. Next the impact of inhibition of G9a and LSD1 on the release of EMVs harbouring specific GPI-anchored proteins (Figure 3) , mRNAs (Figure 4) and miRNAs (Figure 5) was studied with each of the four types of adipocytes. For this, the adipocytes were incubated for long term in primary culture with BIX01294 or tPCPA (prior to metabolic pulse labeling with myo-[ . CD73-and Gce1-harbouring EMVs were prepared from the incubation media by successive filtration, centrifugation and affinity purification on either AMP-or cAMP-Sepharose, respectively (Figure 3) or a mixture thereof (Figures 4 and 5) . For the detection of CD73 (Figure 3(a) ) or Gce1 (Figure 3(b) ) proteins, total polypeptides recovered with the purified and collected EMVs were separated by SDS-PAGE and visualized by phosphorimaging. For the analysis of mRNAs specific for FSP27 (Figure 4(a) ) or GPAT3 (Figure 4(b) ) and of miRNAs, miR-16 ( Figure 5 ) and miR-222 (Figure 6) , the qRT-PCR products amplified with specific primer sets from the total RNA of the purified and collected EMVs were separated by agarose gel electrophoresis and visualized under UV light.
For each of the four adipocyte types in the basal state the images revealed [
14 C]inositol-labeled bands and PCR products that corresponded to the size of the CD73 (Figure 3(a) ) and Gce1 (Figure 3(b) ) proteins, FSP27 (Figure 4(a) ) and GPAT3 (Figure 4(b) ) mRNAs and miR-16 ( Figure 5 ) and miR-222 (Figure 6 ) miRNAs. The identity of the GPI-anchored proteins and transcripts have previously been proven on the basis of their radiolabeling and binding to (c)AMP-Sepharose as well as sequencing of the PCR products and in vitro translation into the corresponding FSP27 and GPAT3 proteins [24] . The amounts of EMVs harbouring CD73/Gce1 proteins (Figure 3) , FSP27-/GPAT3-specific mRNAs (Figure 4 ) and miR-16/miR-222 (Figures 5 and 6, Control panel) ere significantly elevated compared to basal upon inw Figure 4 . Effects of BIX01294 and tPCPA on the basal and induced release of FSP27 (a) and GPAT3 (b) specific mRNAs into EMVs from rat and human adipocytes. Large and small primary rat adipocytes or adipocytes differentiated from rat SVCs and human MSCs (identical numbers per well for each adipocyte type) were incubated (70 h, 37˚C) in 12-well plates in the absence (control) or presence (treated) of BIX01294 (30 µM) or/and tPCPA (100 µM) as indicated. Thereafter, the adipocytes were washed and then incubated (20 h, 37˚C) in the absence (basal, open bars) or presence (induction) of palmitate (1 mM, hatched bars), glimepiride (30 µM, cross-hatched bars) or GO (0.5 U/ml, filled bars) in medium containing or lacking BIX01294 or/and tPCPA as above. Total EMVs were prepared from the incubation medium by sequential filtration and centrifugation and subsequently affinity-purified using mixtures of AMP-and cAMP-Sepharose beads. After dissociation from the beads and centrifugation, the collected EMVs were used for the isolation of total RNA. Portions of the RNA were used for qRT-PCR with primer sets specific for FSP27 (a) or GPAT3 (b). Means ± S.D. derived from three different preparations of each adipocyte type with incubations in triplicate, each, are given. Significant differences between the induced and basal control adipocytes (set at 100 for each type) are indicated by # and between the treated and control (basal or induced) adipocytes by * for each type. Thereafter, the adipocytes were washed and then incubated (37˚C) in the absence (basal) or presence (induced) of palmitate (1 mM), glimepiride (30 µM) or GO (0.5 U/ml) in medium containing or lacking BIX01294 or/and tPCPA as above for 20 h or 0 h (mock incubation). Total EMVs were prepared from the incubation medium by sequential filtration and centrifugation and subsequently affinity-purified using mixtures of AMP-and cAMPSepharose beads. After dissociation from the beads and centrifugation, the collected EMVs were used for the isolation of total RNA. Portions of the RNA were used for qRT-PCR with primer sets specific for miR-16. The fold-increases of miR-16 are standardized to that of U6snRNA (set at 1 for the mock incubation) and given as means ± S.D. derived from two to four different adipocyte preparations/differentiations with incubations in quadruplicate, each. Significant differences between the induced and basal control adipocytes are indicated by # for each type and between the treated and control (basal or induced) adipocytes by * for each type.
duction with palmitate, glimepiride or GO in that order of increasing potency and with fold-stimulations above basal comparable between the four types of adipocytes (palmitate/glimepiride/GO: CD73, 1.6 -2.4/3.7 -6.2/6.2 -11.9; Gce1, 1.7 -4.9/4.7 -6.5/8.8 -13.0; FSP27, 3.2 -5.6/6.0 -9.2/8.7 -14.8; GPAT3, 1.4 -5.0/2.0 -9.6/5.9 -19.1; miR-16, 1.7 -2.3/1.4 -3.1/2.8 -4.7; miR-222, 1.6 -2.8 for GO). This was the first demonstration of the (basal and induced) release of EMVs from human adipocytes that may hint to its relevance in health and disease. Long-term incubation with BIX01294 or/and tPCPA did not affect or reduced moderately, albeit significantly (by 27% to 48%), the basal release of EMVs harbouring the CD73/Gce1 proteins (Figure 3) , FSP27-/GPAT3-specific mRNAs (Figure 4 ) and miR-16/miR-222 (Figure 5/data not shown) , depending on the adipocyte type and incubation condition. However, BIX01294 or tPCPA drastically impaired the palmitate-, glimepiride-and GOnduced release of these EMVs under each incubation i Figure 6 . Effects of histone (de)methylation and (de)acetylation on the GO-induced release of miR-222 into EMVs from rat and human adipocytes. Large and small primary rat adipocytes or adipocytes differentiated from rat SVCs and human MSCs (identical numbers per well for each adipocyte type) were incubated (70 h, 37˚C) in 12-well plates in the absence (control; open bars) or presence (treated; hatched bars) of BIX01294 (30 µM), tPCPA (100 µM), trapoxin A (100 µM), CCT077791 (30 µM) and SAHA (50 µM) alone or in combination as indicated. Thereafter, the adipocytes were washed and then incubated (37˚C) in the absence (basal) or presence of GO (0.5 U/ml) in medium containing or lacking the inhibitors as above for 20 h or 0 h (mock incubation). Total EMVs were prepared from the incubation medium by sequential filtration and centrifugation and subsequently affinity-purified using mixtures of AMP-and cAMP-Sepharose beads. After dissociation from the beads and centrifugation, the collected EMVs were used for the isolation of total RNA. Portions of the RNA were used for qRT-PCR for miR-222. The fold-increases of miR-222 are standardized to that of U6 small nuclear RNA, RNU6B (set at 1 for the mock incubation) and given as means ± S.D. derived from two to three different adipocyte preparations/differentiations with incubations in triplicate, each. Significant differences between the GOinduced and basal (data not shown) control adipocytes are indicated by § for each type and between the trapoxin A-, CCT077791-or SAHA-treated and control GO-induced adipocytes by * for each type.
condition in large primary (by 40% to 100%) and differentiated rat adipocytes (by 41% to 100%) as well as human adipocytes (by 34% to 100%), but not in small primary rat adipocytes. Strikingly, in the course of simultaneous presence of BIX01294 and tPCPA the amounts of EMVs harbouring CD73/Gce1 proteins (Figure 3) , FSP-27-/GPAT3-specific mRNAs (Figure 4 ) and miR-16/ miR-222 ( Figure 5 /data not shown) released from basal and, in particular, palmitate-, glimepiride-and GO-induced (for miR-222 shown only, Figure 6 , Control panel) large primary and differentiated rat and human adipocytes were less pronouncedly lowered compared to the separate treatments and under most conditions did not differ significantly from the corresponding control incubations. Taken together, inhibition of either G9a or LSD1, but not of both together, in the long-term blocks the induced release of EMVs harbouring specific GPIanchored proteins, mRNAs and miRNAs from large (but not small) primary rat adipocytes as well as differentiated rat und human adipocytes.
To characterize the specificity of the apparent inhibition of the EMV release by interference with histone methylation, the putative impact of histone acetylation was studied by long-term incubation of the four different types of adipocytes with the anti-tumor cyclic tetrapeptide, trapoxin A, and the suberoylanilide hydroxamic acid derivative, SAHA, which both inhibit the 11 classical histone deacetylases with similar potency [57] , as well as the isothiazolone derivative, CCT077791, which blocks histone acetyltransferases with low micromolar potency without great specificity [65] .
Determination of the amount of miR-222 in CD73/ Gce1-harbouring EMVs released into the incubation medium following challenge of the adipocytes with GO did not reveal any significant alteration provoked by trapoxin A, SAHA or CCT077791 at concentrations known to be effective in various cellular systems [66] compared to the control incubation in each of the four types of adipocytes ( Figure 6 , open bars). To test for the possibility of interactions between histone methylation and acetylation in the control of EMV release as has been described previously for DNA and histone methylation during tumor progression [67] , trapoxin A, SAHA and CCT077791 were incubated together with BIX01294 or/and tPCPA. The three inhibitors of histone (de)acetylation did not exert significant effects on the abrogation of the GOinduced release of miR-222 into CD73/Gce1-harbouring EMVs in large primary and differentiated rat and human adipocytes (Figure 6 , hatched bars) and also did not counteract the EMV release that was fully restored by the combination of BIX01294 and tPCPA (Figure 6 , crosshatched bars). The ineffectiveness of trapoxin A, SAHA and CCT077791 was also demonstrated for the palmitate-and glimepiride-induced release of affinity-purified EMVs harbouring the GPI-anchored protein CD73 and FSP27-specific mRNA (Müller, G., Wied. S., and Schneider, M., data not shown). Assuming successful interference with histone (de)acetylases in the four types of adipocytes by the inhibitors under the conditions used here, which seems to be likely on the basis of previously reported findings [66] , the release of EMVs harbouring specific GPI-anchored proteins and RNAs from rat and human adipocytes is apparently not controlled by histone acetylation.
Recently, the release of EMVs from cultured mouse [3, 4] and primary rat adipocytes [5, 6] has been demonstrated to be upregulated by insulin, albeit in comparison to glimepiride and H 2 O 2 only to a moderate degree. Consequently, the involvement of the histone methylation state in the insulin-induced release of EMVs harbouring specific GPI-anchored proteins and RNAs from the four types of adipocytes was studied under the same experimental conditions that had revealed a role of G9a and LSD1 in the control of EMV release in response to palmitate, glimepiride and GO (see Figures 3-6) . Insulin stimulated the release of EMVs harbouring the GPI-anchored proteins, Gce1 and CD73, and FSP27-and GPAT3-specific mRNAs into the incubation medium of large primary rat adipocytes by 1.8/2.6/1.6/3.1-fold (Gce1/ CD73/FSP27/GPAT3), small primary rat adipocytes by 2.0/2.3/2.0/1.6-fold, differentiated rat adipocytes by 2.8/ 3.0/1.8/2.3-fold and differentiated human adipocytes by 1.7/2.0/6.0/4.9-fold (Figure 7) . Thus insulin manages to release EMVs from both rat and human adipocytes with a potency comparable to that of palmitate, but considerably lower than that of glimepiride and GO. Remarkably, in contrast to the cell size-dependent inductions provoked by palmitate, glimepiride and GO, large and small primary rat adipocytes did not differ significantly in the efficacy of the insulin-induced EMV release. Furthermore, in contrast to the palmitate, glimepiride and GO induction, long-term incubation with BIX01294 as well as tPCPA (under the majority of the conditions) prior to incubation with insulin did not significantly impair the release of Gce1/CD73 proteins and FSP27-/GPAT3-specific mRNAs into EMVs of primary and differentiated rat and human adipocytes (Figure 7) . Taken together, these data do not argue for control of the insulininduced release of EMVs harbouring specific GPI-anchored proteins and RNAs by the histone methylation state, at least not with the responsiveness as observed for the palmitate-, glimepiride-and GO-induced one.
The mechanism of the release of Gce1 and CD73 from rat adipocytes into EMVs has previously been found to encompass several distinct steps, including 1) their initial translocation from the outer leaflet of the plasma membrane to the surface of cytoplasmic LDs with the GPI anchors undergoing insertion into the LD phospholipid monolayer and 2) their subsequent transfer from the LDs onto the surface of EMVs with the GPI anchors being incorporated into the outer leaflet of the EMV phospholipid bilayer [2, 7, 24, 68] . To study the putative involvement of histone (de)methylation in the individual steps of EMV release, primary rat adipocytes were incubated for long-term in primary culture with BIX01294 or/and tPCPA prior to metabolic pulse labeling with myo-[
14 C]-inositol and then induced with GO or kept in the basal state under chase conditions. Metabolically labeled, extracted and affinity-purified CD73 and Gce1 proteins were then recovered with plasma membranes and LDs prepared from the adipocytes and detected by SDS-PAGE and phosphorimaging (Figure 8) .
As expected, incubation of both large and small rat adipocytes with GO led to significant losses from the plasma membranes of CD73 (by 42% and 49%, respectively) and Gce1 (by 24% and 12%, respectively) and, in Figure 7 . Effects of BIX01294 and tPCPA on the insulin-induced release of Gce1/CD73 proteins and FSP27-/GPAT3-specific mRNAs into EMVs from rat and human adipocytes. Large and small primary rat adipocytes or adipocytes differentiated from rat SVCs and human MSCs (identical numbers per well for each adipocyte type) were incubated (70 h, 37˚C) in 12-well plates in the absence (control) or presence (treated) of BIX01294 (30 µM) or/and tPCPA (100 µM) as indicated. Thereafter, the adipocytes were washed and incubated (2 h, 37˚C) in labeling medium containing or lacking BIX01294 or/and tPCPA as above and then metabolically labeled (2 h, 37˚C) with myo-[
C]inositol as described in Materials and Methods. Following washing with labeling medium lacking myo-[
14 C]inositol and supplemented with myo-inositol (100 mM), the adipocytes were incubated (16 h, 37˚C) in the absence (basal) or presence of insulin (10 nM) in the above medium containing or lacking BIX01294 or/and tPCPA as above. Total EMVs were prepared from the incubation medium by sequential filtration and centrifugation and subsequently affinity-purified using mixtures of AMP-and cAMP-Sepharose beads. After dissociation from the beads and centrifugation, portions of the collected EMVs were suspended in two-fold Laemmli sample buffer and analyzed by SDS-PAGE and phosphorimaging. Representative images for CD73 and Gce1 are shown. Other portions of the collected EMVs were used for the isolation of total RNA. Portions of the RNA were used for qRT-PCR with primer sets specific for FSP27 or GPAT3. Representative images from the agarose gel electrophoresis of the FSP27 and GPAT3 PCR products are shown. Means ± S.D. derived from two different adipocyte preparations/differentiations with incubations in triplicate, each, are given. Significant differences between the insulin-induced (control or treated) and basal (control) adipocytes are indicated by * for each type and between the basal control large primary rat adipocytes (set at 100) and the other types of adipocytes by # .
parallel, to significant gains at the LDs of CD73 (by 3.2 and 7.2-fold, respectively) and Gce1 (by 1.9-and 3.4-fold, respectively) compared to basal (Figure 8) . This reflects the known GO-induced translocation of CD73 and Gce1 from the plasma membranes to the LDs, that is more effective in small compared to large adipocytes [30] . BIX01294 and tPCPA alone or in combination did not ]inositol and supplemented with myo-inositol (100 mM), the adipocytes were incubated (1 h, 37˚C) in the absence (basal) or presence (induced) of GO (0.5 U/ml) in the above medium containing or lacking BIX01294 or/and tPCPA as above. Plasma membranes and LDs were prepared from the washed adipocytes. Total proteins were extracted under non-denaturing conditions and then used for affinity-purification on AMP-Sepharose (for CD73) or cAMP-Sepharose (for Gce1) beads. After incubation (16 h, 4˚C) of the beads with 1 mM (c)AMP and centrifugation the supernatants were diluted in the same volume of two-fold Laemmli sample buffer and analyzed by SDS-PAGE and phosphorimaging. Representative images are shown. Means ± S.D. derived from three different adipocyte preparations/incubations with preparations in duplicate, each, are given. Significant differences between the GO-induced and basal control (large or small) adipocytes (set at 100 for plasma membranes and LDs, each) are indicated by * and between the GO-induced treated and control (large or small) adipocytes by # .
significantly counteract the reduction in CD73 and Gce1 proteins at the plasma membranes in response to GO in both large and small adipocytes (Figure 8) . Importantly, in large, but not in small, adipocytes the amounts of CD73 and Gce1 accumulating at the LDs during the chase period under concomitant exposure to GO were significantly higher following long-term incubation with either BIX01294 (by 185% and 207%, respectively) or tPCPA (by 155% and 230%, respectively) compared to the induced untreated controls. In contrast, the combination of the two inhibitors did not alter significantly the GO-induced LD association of CD73 and Gce1 in both large and small adipocytes (Figure 8) . Effects of BIX01294 or/and tPCPA comparable to those on GOinduced large primary rat adipocytes were also observed with GO-and palmitate-induced differentiated human adipocytes, albeit the latter often failed to reach significance (Müller, G., Wied, S., Schneider, M., data not shown). The apparent upregulation of CD73 and Gce1 protein expression at the LDs of induced large, but not small, adipocytes by BIX01294 and tPCPA without accompanying downregulation at the plasma membranes as revealed by the pulse-chase experiments suggests that G9a and LSD1 are not engaged in the control of translocation of the GPI-anchored proteins from the plasma membranes to the LDs. Rather, the histone methylation state seems to be critical for the subsequent transfer to and insertion into EMVs of the GPI-anchored proteins with its modulation (in course of G9a or LSD1 inhibition) leading to blockade of the release of CD73/Gce1-harbouring EMVs and, in parallel, to accumulation of CD73 and Gce1 at the LDs. The observations that BIX01294 or tPCPA alone and the combination of the inhibitors block and fail to block, respectively, the transfer from the LDs (Figure 8) as well as the release into EMVs (Figure 3 ) of the GPI-anchored proteins further corroborate the mechanistic coupling of these two steps and their regulation by histone methylation. The apparent upregulation of CD73 and Gce1 protein expression at the LDs (Figure 8 ) in combination with downregulation of the induced release of EMVs harbouring these GPI-anchored proteins (Figure 3) and FSP27-/GPAT3-specific mRNAs (Figure 4 ) in large primary and differentiated rat and human adipocytes as a consequence of G9a and LSD1 inhibition predicts further stimulation of lipid synthesis and inhibition of lipolysis under these conditions. To test for this, the four types of adipocytes were incubated for long-term in primary culture with BIX01294 or/and tPCPA prior to the induction with GO. Subsequent measurement of the incorporation of radiolabeled glucose into acylglycerols and release of glycerol into the incubation medium upon isoproterenol challenge confirmed significant GO-induced upregulation of lipid synthesis (by 6.4-to 19.1-fold compared to basal) and downregulation of isoproterenol-stimulated lipolysis (to 43.7% to 8.8% compared to basal) with the effects being most pronounced with small primary rat adipocytes (Figure 9 ). In the presence of either BIX01294 or tPCPA during long-term primary culture, but not of both inhibitors together GO-induced lipid synthesis stimulation and lipolysis inhibition were significantly enhanced by 19% to 48% and 42% to 65%, respectively, in large primary and differentiated rat and human adipocytes. Strikingly, in small primary rat adipocytes BIX01294 or/and tPCPA had no effect ( Figure   9 ).
In conclusion, the abrogation of the induced release of EMVs harbouring specific RNAs and GPI-anchored proteins that is provoked in large primary and differentiated rat and human adipocytes, but not in small primary rat adipocytes, by modulation of the histone methylation state in course of G9a or LSD1 blockade fosters the induced, but not basal, lipid synthesis and lipolysis inhibition. This may be the consequence of accumulation of GPAT3-/FSP27-specific mRNAs and miR-16/miR-222 in the cytoplasm as well as GPI-anchored proteins CD73/ Gce1 at the LD surface of the EMV donor adipocytes.
DISCUSSION
The experimental evidence for a causal linkage between the histone methylation state and adipocyte differentiation and growth, collectively termed adipogenesis is steadily increasing. So far, emphasis has been put on the promoters of key adipogenic genes for transcription factors, such as pparg and cebpa. Their expression has to be induced more than 200-fold for the induction of adipocyte differentiation and is correlated to significant increases in H3K4 methylation at their promoters [69] . In accordance, PTIP, a protein that associates with the H3K4 histone methyltransferases, MLL3 and MLL4, and thereby regulates histone methylation, is essential for adipogenesis [69] . Deletion of PTIP impairs the methylation of H3K4 and the loading of RNA polymerase II on the pparg and cebpa promoters resulting in downregulation of PPARγ and C/EBPα expression. Furthermore, knockdown of LSD1 has been shown to lead to a marked impairment in the differentiation of 3T3-L1 preadipocytes in parallel with increased H3K9me2 levels at the cebpa promoter [70] . This argues for a role of LSD1 in opposing the action of H3K9 methyltransferase at the chromatin of the cebpa promoter. In agreement, knockdown of the H3K9 methyltransferase, SETDB1, produces the opposite phenotype, i.e. promotion of the differentiation of 3T3-L1 preadipocytes, in course of decreasing H3K9me2 levels [70] .
An additional layer of complexity to the epigenetic control of adipogenesis, with emphasis on the late maturation stage of lipid storage and cell size increase rather than on the early differentiation from precursor cells, is provided by the presented findings. These can be reconciled into the following hypothetical model for a role of the H3K9 and H3K4 methylation states in the regulated release of EMVs harbouring specific GPI-anchored proteins and RNAs from adipocytes (Figure 10) . Importantly, the findings that 1) BIX01294 and tPCPA alone or in combination as well as palmitate and GO cause slight increases in caspase 3/7 activity (Figure 2) , and 2) he inhibitors alone, but not in combination, downregu t Figure 9 . Effects of BIX01294 and tPCPA on the basal and induced lipid synthesis and isoproterenol-stimulated lipolysis in rat and human adipocytes. Large and small primary rat adipocytes or adipocytes differentiated from rat SVCs and human MSCs (identical numbers per well for each adipocyte type) were incubated (70 h, 37˚C) in 12-well plates in the absence (control; open bars) or presence (treated; hatched bars) of BIX01294 (30 µM) or/and tPCPA (100 µM) as indicated. Thereafter, the incubation was continued in the absence (basal) or presence (induced) of GO (0.5 U/ml) for 20 h. The adipocytes were washed and then assayed for lipid synthesis (1 h) or isoproterenol-stimulated lipolysis (2 h) in the absence or presence of GO. Fold-stimulation of lipid synthesis above control (set at 1 for basal adipocytes of each type) and % of isoproterenol-stimulated lipolysis (set at 100 for basal adipocytes of each type) are given as means ± S.D. derived from three to five different adipocyte preparations/differentiations with incubations in duplicate (lipid synthesis) and quadruplicate (lipolysis), each. Significant differences between the GO-induced and basal control adipocytes are indicated by § for each type and between the treated and control (basal or GO-induced) adipocytes by * for each type.
The promoters and genes that are apparently affected by the altered histone H3 methylation and that control the release of EMVs from adipocytes remain to be identified. The present findings that BIX01294 and tPCPA always lead to the concerted blockade of the incorporation into EMVs of specific GPI-anchored proteins, mRNAs and miRNAs argue for mechanistic coupling of the biogenetic pathways for these EMV components that encompass the molecular mechanisms for decoding of the corresponding targeting signals. It may be of relevance that the two EMV subpopulations, exosomes and late whereas the inducers upregulate the release of EMVs (Figures 3-6) , and 3) BIX01294 and tPCPA apparently do not interfere with the cellular energy charge as reflected in the unaltered insulin regulation of lipid metabolism (Figure 1) argue against a causal link between apoptotic rate and EMV release and its modulation by BIX01294 and tPCPA. Rather it is reasonable to assume that alterations in the histone H3 methylation state provoked by inhibition of G9a and LSD1 mediates the downregulation of EMV release from rat and human adipocytes. microvesicles, seem to use similar or even identical pathways of their biogenesis based on the following observations: 1) Exosomal proteins and phospholipids can bud directly from the plasma membranes of the donor Figure 10 . Hypothetical model for the role of the histone H3 methylation state on the induced release of EMVs harbouring specific RNAs and GPI-anchored proteins from adipocytes. A(9) In course of preparation and long-term incubation (in the absence of BIX01294 or tPCPA) of large primary or differentiated rat and human adipocytes, histone H3 remains in the dimethylated K9 and unmethylated K4 "initial" states (grey area). "Overall", this (i.e. "inactivating" K4 plus "inactivating" K9me2) H3 methylation state results in inactive heterochromatin that supports (basal and induced) EMV release (Figures 3-6) . A(0) In the presence of BIX01294 alone, inhibition of the histone methyltransferase, G9a, causes conversion of H3K9me2 into H3K9me1/H3K9 (hatched circle) through constitutive demethylation. A(49) In the presence of tPCPA alone, inhibition of the histone lysine demethylase, LSD1, leads to elevated levels of H3K4me2 through constitutive methylation. "Overall", these two (i.e. "inactivating" H3K4 plus [partially] "activating" H3-K9me1 and "activating" H3K4me2 plus inactivating" H3K9me2) H3 methlylation states result in partially open active euchromatin that is not compatible with (basal and induced) EMV release (Figures 3-6) . A(4) In the presence of both BIX01294 and tPCPA, the simultaneous inhibition of G9a and LSD1 leads to (partial) demethylation of H3K9me2 and complete methylation of H3K4. "Overall", this (i.e. "activating" H3K4me2 plus [partially] "activating" H3K9[me1]) H3 methylation state results in completely open "superactive" euchromatin that supports EMV release (Figures 3-6 ). In conclusion, primary (in particular large) and differentiated rat and human adipocytes with the H3 methylation states A(9) (initial) or A(4) (BIX01294 plus tPCPA), but not A(0) (BIX01294) or A(49) (tPCPA) apparently respond toward physiological concentrations of palmitate and H 2 O 2 or pharmacological concentrations of glimepiride with the release of transcripts specific for FSP27 (Figure  4(a) ), GPAT3 (Figure 4(b) ), miR-16 ( Figure 5 ) and miR-222 (Figure 6 ) into the lumen as well as of the GPI-anchored proteins, Gce1 (Figure 3(a) ) and CD73 (Figure 3(b) ), into the outer membrane leaflet, respectively, of EMVs (Figure 10) . cells [71] .
2) The formation of multivesicular bodies requires the ESCRT (Endosomal Sorting Complexes Required for Transport) machinery [72] , whereas microvesicle and, in contrast to previous assumptions, also exosome biogenesis does not [71] . This argues for identical multivesicular body-independent biogenetic pathways for the two EMV subpopulations. 3) Exosomes are detectable as deep invaginations of plasma membranes and thus possibly share the site of biogenesis with that of microvesicles [73] . However, our current understanding of EMV biogenesis is rudimentary and little is known about the signals that target proteins and RNAs to the site(s) of EMV release. Concerning the protein constituents, recently reported data suggest that several different types of plasma membrane anchors and signals manage to direct highly oligomeric cytoplasmic polypeptides to the site(s) of EMV release. Among them are N-terminal acylation or myristoylation tags, internal phosphatidylinositol-(3,)4,5-bisphosphate-binding domains and C-terminal prenylation and palmitoylation tags as well as type-I integral plasma membrane inner leaflet and GPI plasma membrane outer leaflet targeting domains [13, 72, 73] . With regard to GPI-anchored proteins, their segregation into the site(s) of EMV release may be based on the intrinsic capability of GPI anchors to insert, accumulate and aggregate in lipid rafts of the outer plasma membrane leaflet [74, 75] . Concerning the RNA constituents, nothing is known about the signals for their targeting into EMVs. It is conceivable that the genes and components engaged in the EMV release from adipocytes and controlled by the histone H3 methylation state of the corresponding promoters are involved in the plasma membrane inner/outer leaflet targeting and oligomerization/ aggregation of the constituent proteins as well as in the coupled segregation and packaging of the constituent RNAs into the EMVs.
The putative functional consequences of the apparent epigenetic regulation of the induced (by fatty acids, oxidative stress, glimepiride) EMV release for large and small adipocytes within an adipose tissue depot, as can be deduced from the presented and previous in vitro data, are depicted in the following model (Figure 11) . The validity of this working model has to be examined in appropriate in vitro and in vivo test systems that enable monitoring of adipocyte hypertrophy in response to (supra)physiological concentrations of palmitate and reactive oxygen species or pharmacological concentrations of glimepiride. Regarding in vitro testing, the induced transfer of the lipogenic information encoded by Gce1/CD73-harbouring EMVs from large donor to small acceptor adipocytes and the resulting increase in LD biogenesis and size of the acceptor adipocytes have been demonstrated recently.
For this mixtures of large and small primary rat adi- 
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pocytes in suspension as well as partially digested rat epididymal adipose tissue pieces consisting of mixed populations of large and small adipocytes were used for short-term incubations [27, 28] . These test systems have to be adapted for long-term culturing in order for manifestation of altered histone H3 methylation states in primary and differentiated adipocytes. Long-term incubation with BIX01294 and tPCPA will then elucidate putative interference with the release of EMVs. Moreover, short-term treatment with (c)AMP-Sepharose or di-annexin will reveal eventual inhibition of fusion of the EMVs with and their action on white adipocytes, i.e. upregulation of cell size and LD biogenesis and transformation into brown or "brite" adipocytes. Regarding in vivo testing, long-term administration to rats fed a highfat diet or exposed to oxidative stress of BIX01294 and tPCPA, provided they display favorable pharmacokinetic profiles, may be useful to study the link between histone H3 methylation and the morphology and function of adipose tissues in intact organisms. On the basis of the present and previous findings the putative consequences of physiological or pharmacological interference with the release of EMVs from large donor adipocytes or/and their fusion with small acceptor adipocytes within adipose tissue depots can be predicted ( Table 2) . So far, only a limited number of effector molecules and tool compounds are known that modulate EMV release or fusion [27, 28, 76] , among them the anti-diabetic sulfonylurea drug, glimepiride. Glimepiride apparently causes a balance between the elevated release of EMVs from large donor adipocytes thereby triggering downregulation of LD biogenesis and the subsequent elevated fusion of the EMVs with small acceptor adipocytes (as a consequence of "mass action" and per se unaffected by the drug [6, 25] ) thereby triggering upregulation of LD biogenesis. Thus "overall", glimepiride treatment should not result in gross "net" alterations in size distribution and LD biogenesis/lipolysis of the adipocytes within adipocyte tissue depots. This seems to be reflected in clinical reports about prolonged treatments of type II diabetic patients with glimepiride that led to only slight increases in total body weight [77, 78] . In conclusion and based on the above findings, it is tempting to speculate that for pharmacotherapy of obesity inhibition of EMV fusion alone or in combination with stimulation of EMV release represents a promising option with the benefits of 1) downregulation of LD biogenesis, 2) upregulation of lipolysis, 3) reduction in adipocyte size ( Table 2) , and 4) transformation of white into "brown adipose tissue-like" adipocytes with accompanying stimulation of energy expenditure [79] [80] [81] , in particular if the obese state is driven by exposure of adipose tissue depots to excess of fatty acids or oxidative stress (Figure 11) . The realization of this novel antiobesity strategy will require the identification of the molecular mechanisms and components underlying the release and fusion of EMVs within adipose tissue depots.
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